
STATE STUDY NO. 67-102

FINAL REPORT

EVALUATION OF HOT IN-PLACE RECYCLING

Prepared by

Gary Browning, P.E.

August 1999

Conducted by

Research Division

Mississippi Department of Transportation

In Cooperation with

U.S. Department of Transportation

Federal Highway Administration



Technical Report Documentation Page

1.Report No.

FHWA/MS-DOT-RD-99-102

2. Government Accession No.

          

3. Recipient’s Catalog No.

          
5. Report Date

August 1999
4. Title and Subtitle

EVALUATION OF HOT IN-PLACE RECYCLING
6. Performing Organization Code

MS-DOT-RD-99-102
7. Author(s)

Gary Browning
8. Performing Organization Report No.

          
10. Work Unit No. (TRAIS)

          

9. Performing Organization Name and Address

Mississippi Department of Transportation
Research Division
P O Box 1850
Jackson MS 39215-1850

11. Contract or Grant No.

          
13. Type Report and Period Covered

Final Report

12. Sponsoring Agency Name and Address

Federal Highway Administration

14. Sponsoring Agency Code

          
15. Supplementary Notes

Conducted in cooperation with the U.S. Department of Transportation Federal Highway Administration

16. Abstract

This report documents the surface recycling of 7.688 miles (12.37 km) of Interstate 55 in Pike County from
about 10 miles (16.1 km) south of McComb to the Louisiana state line.  The recycling equipment was by
Remixer Contracting Co., Inc. of Austin, Texas.  The existing pavement was first heated, milled to 1.25 in.
(31.75 mm) depth, rejuvenator and virgin mix was added, and then the 1.5 in. (38.10 mm) of recycled mix
was re-laid and compacted.  The daily productions proceeded with few problems on the four field inspec-
tion days and averaged 0.69 lane-miles (1.11 lane-km) per day.
The reuse of the existing asphaltic concrete pavement is desirable because of the decreasing supply and in-
creasing costs of raw materials.  The remixing leaves the final grade almost the same, which allows the user
the option of rehabilitation only one lane of a multi-lane highway and is a good safety factor.
Structural integrity was measured with the Dynaflect and Falling Weight Deflectometer.  The South Dakota
profiler was used to obtain before and after International Roughness Index values.
Materials from the test roadway were sampled and compared with other roadways for viscosity, penetration,
and ductility, percent voids, density, specific gravity, percent asphalt, gradations, and resilient modulus.
After six years of service life, the recycled pavement proved its competency to perform comparably to con-
ventional hot-mix.  This study found that pavements using reclaimed asphalt concrete material in the wear-
ing course mixes perform as well as pavements with normal mixes.  The cost of each type of pavement was
found to be almost the same dollar/SY amount.

17. Key Words

Recycled Mix, Hot In-Place Recycling
18. Distribution Statement

Unlimited

19. Security Classif. (of this report)

Unclassified
20. Security Classif. (of this page)

Unclassified
21. No. of Pages

46
22. Price

          
Form DOT F 1700.7 (8-72)

Reproduction of completed page authorized



ii

NOTICE

The contents of this report reflect the views of the author who is responsible for the facts
and accuracy of the data presented herein.  The contents do not necessarily reflect the
views or policies of the Mississippi Department of Transportation or the Federal Highway
Administration.  This report does not constitute a standard, specification, or regulation.

This document is disseminated under the sponsorship of the Department of Transportation
in the interest of information exchange.  The United States Government and the State of
Mississippi assume no liability for its contents or use thereof.

The United States Government and the State of Mississippi do not endorse products or
manufacturers.  Trade or manufacturers names appear solely because the are considered
essential to the object of this report.
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CHAPTER 1: INTRODUCTION

The process of hot in-place recycling, as used for this project, involves heating the old as-
phalt pavement, milling, remixing the milled material with rejuvenator and new asphaltic
concrete, redistributing the materials, and compacting in-place.  The reuse of the existing
asphaltic concrete pavement is desirable because of the decreasing supply and increasing
costs of raw materials.  The remixing leaves the final grade almost the same, which allows
the user the option of rehabilitating only one lane of a multi-lane highway.

Background

Hot in-place recycling is usually performed by one of three methods:

1. heating the existing pavement, scarifying, adding rejuvenator, and compacting in-place;

2. heating the existing pavement, scarifying, adding rejuvenator, redistributing material,
adding new material on top of the recycled material, and compacting in-place;

3. heating the existing pavement, scarifying or milling, remixing of recycled materials with
rejuvenator and new asphaltic concrete, re-spreading the mixture , and compacting in-
place.[2]

Objectives

This study was originally designed to monitor and evaluate the performance of the mix and
surface over five years.  Properties of the recycled layer in the monitored sections were
determined and compared with another hot in-place recycling project and an overlay proj-
ect.  The evaluation of performance was to also be based on ride quality as measured with
a South Dakota Profiler (SDP) and the overlay thickness computed from Dynamic Deflec-
tion Determination System (Dynaflect) and Falling Weight Deflectometer (FWD) deflection
data.

Scope

This research study was part of State Maintenance Project No. (54-0055-067-10) in Pike
county on I-55 from the Louisiana and Mississippi border and continuing north about 8.95
miles (14.4 km) (figure 1).  The typical design section is shown in figure 2.  The existing
pavement consisted of:

• 4.5 in. (114 mm) or 10 in. (254 mm) variable thickness topping soil,

• 8 in. (203 mm) of roadbed topping for 8 in. (203 mm) of 4.5 percent cement treated
base or 6 in. (152 mm) of roadbed topping for 8 in. (203 mm) of 5.5 percent cement
treated base, and
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• 5.5 in. (140 mm) of dense graded not plant mix.

The project was built in 1965 and was overlaid in 1984 with a single bituminous surface
treatment and 1 in. (25-mm) leveling course and 1.5 in. (38-mm) surface course.

The construction contractor specified for surface recycling 1.5 in. (38 mm) of 263,415 SY
(220 241 m2) of in-place pavement.  The contractor recommended adding about 40 lb/SY
(21.7 kg/m2) of new hot bituminous mix and about 0.15 to 0.20 gal/SY (0.68 to 0.91 L/m2) of
asphalt rejuvenating agent (e.g. ARA-1).  A polymerized emulsion for the rejuvenator was
used some in the northbound lane (AES-300 RP).

The research plan included:

1.  Two 2,500 ft. (762-m) monitoring sections of roadway for evaluation.

2. Existing properties of the hot in-place mix were determined such as; AC content, aggre-
gate gradation, and binder properties of viscosity, penetration and ductility.

3. Construction activities were documented in the monitoring sections such as, surface
temperatures and mix temperatures.  Data pertaining to the cutting, mixing, compaction,
and finishing operations were obtained.

4. After construction, properties of the mix were obtained.

5. After construction condition of the reconstructed surface were taken, such as surface
transverse and longitudinal profile, and Dynaflect deflection characteristics.

6. Part 5 was repeated for five years.  The existing pavement was tested to determine the
asphalt content at seven locations.
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CHAPTER 2:DESIGN AND CONSTRUCTION

Description of Equipment

The remixing machine used on the project was the Wirtgen recycler (figure 3), which is
made in Germany.  It was first used in the USA in 1983 and has been used in eleven
states.[1]  It has completed over 7 million SY (5.6 million m2) and recycles from depths of 1½
in. to 3 in. (38.10 mm to 76.20 mm).  The remixing is used on roads with asphalt, which has
a minimum penetration value of 15-20, rutting is less than 1 in. (25.4 mm) in depth, and
there are no structural deficiencies.

Two self-propelled infrared asphalt heaters operated from 100 to 300 yards (91 to 274 m)
ahead of the main recycling machine.  The first pre-heater heats the surface to 190oF
(88oC) and the second one heats the surface to about 240oF (116oC).  The use of infrared
heating, which the manufacturer claims, does not overly oxidize the existing asphalt ce-
ment.[2]  They keep the mix temperatures between 240oF and 275oF (116oC and 135oC) af-
ter the screed (figure 4).

The rejuvenating machines ran at about (three m/minute), milled 1¼ in. (31.75 mm) of
pavement, and added ¼ in. (6.35 mm) of new asphalt for 1½ in. (38.10-mm) total rejuve-
nated thickness.  Up to 90 lb/SY (48.83 kg/m2) of new material can be mixed with the ex-
isting material in the machine, which produces a uniform recycled hot mix

New material was placed in the hopper in the front of the machine.  A conveyor belt then
moved it the length of the machine above the recycling process to a pugmill-type mixing
chamber.  Behind the hopper were six banks of infrared heaters (figures 5).  The softened
pavement was milled, formed into a windrow, and moved to the mixing chamber, where it
was mixed with the rejuvenator (figure 6) and new asphaltic concrete.  The mixture was
then spread by reversing augers, leveled by a vibratory screed, and compacted with a
roller.

Construction

The hot in-place recycling section consisted of 7.688 miles (12.37 km) of Interstate 55 in
Pike County from about 10 miles (16.1 km) south of McComb to the Louisiana State line.
REMIXER CONTRACTING CO., INC. recommended adding approximately 40 lb/SY (21.7
kg/m2) of new asphalt and 0.15 to 0.20 gal/SY (0.68 to 0.91 L/m2) of rejuvenating emulsion
(e.g. ARA-1).  The contractor used polymer-modified emulsion instead of the normal reju-
venator north of station 300+00 (9 + 144.018) in both of the northbound lanes.  Work began
on 8 Oct 91 and stopped for cold weather on 12 Dec 91.  Work resumed on 9 Mar 92 and
finished on 22 Apr 92.
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Economics

The total cost of the project was $1,939,934.60 for the 263,415 SY (220 241 m2) of surface
recycling.  The cost per square yard is calculated in Table 1.

Table 1.  Recycling costs.

For hot bituminous surface course costing $35/ton ($38.58/metric ton), a 1½ in. (38 mm)
overlay would cost about $2.89/SY ($3.56/m2).



5

Figure 1.  Project location.

Figure 2.  Design Section.
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Figure 3.  Wirtgen Remixer train.

Figure 4.  Leveling auger and screed.
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Figure 5.  Heaters.

Figure 6.  Adding rejuvenator.
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Figure 7.  Control panel.

Figure 8.  Before and after.
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CHAPTER 3: TEST RESULTS AND DISCUSSION

Dynaflect and Falling Weight Deflectometer Testing

The Dynaflect measures pavement deflection induced by an applied load.  It is an electro-
mechanical system consisting of a dynamic force generator and a motion measuring sys-
tem, which is mounted on a towed trailer.  The five motion sensing geophones are sus-
pended from the towing arm of the trailer.  The first geophone is between the steel wheels
and the other four geophones are at 12 in. (305-mm) intervals in front of the first geophone.
The generator produces a vertical force, which varies at the rate of eight cycles/second.
This is applied to the pavement though a pair of rigid steel wheels, which are 20 in. (508
mm) apart.  The total force applied to the pavement consists of the static load of the instru-
ment trailer, which is 1,600 pounds (7.1 kN), plus the dynamic force which consecutively
add to and subtracts from this load.  The peak to peak excursion of the dynamic force is
1,000 pounds (4.4 kN).

A Falling Weight Deflectometer (FWD) replaced the Dynaflect in 1995.  The FWD simulates
the pulse load applied by a 18,000-pound (80-kN) axle load moving at about 48 mph (77
km/hr).  A 440-pound (200-kg) weight is raised up a mast and dropped a spring-loaded
plate which is about 12 in. (305 mm) in diameter.  This produces a 9,000-pound (40-kN)
impact dynamic force with a loading time of 25-30 milliseconds.  The pulse wave is de-
tected by transducers located at the center of the plate and at various distances away from
the plate.

The entire project was tested with the Dynaflect on 10 Apr 91.  In the northbound lane, 41
Dynaflect readings were taken at 1,000 ft. (304.8-m) intervals.  In the southbound lane, 43
readings were taken at 1,000 ft. (304.8-m) intervals.  Two 1,000 ft. (304.8-m) test sections
with readings taken at 100 ft. (30.48-m) intervals were used for later testing.

Table 2.  Required overlay thickness before recycling.

The same two 1,000 ft. (304.8-m) test sections with readings taken at 100 ft. (30.48-m) in-
tervals were used for testing after the hot in-place recycling.

Table 3.  Required overlay thickness after recycling.



10

Roughness Testing

The roughness statistic International Roughness Index (IRI) was determined from the
roadway profile.  The IRI is the ratio of the accumulated suspension motion of a vehicle,
divided by the distance traveled during the test at 50 mph (80 km/hr) and the units are me-
ters per kilometer of roughness.  A perfectly smooth pavement has an IRI of zero and the
roughest pavements in the United States may have an IRI greater than five.

The entire project was surveyed for measurements of roughness with the SDP quarterly for
the evaluation period.  The roughness tests were made at about 50 mph (80 km/hr).  Four
trips were made on each test date.  The runs on June 20, 1991, October 10, 1991, and
October 21, 1991 were before the pavement was recycled.

Figure 9.  IRIs on the project.

Testing of Asphalt Cement
Core  and bucket samples were taken before and after the hot in-place recycling.  Samples
were also taken off the trucks with the new material.  Roadway cores were tested for vis-
cosity, penetration, ductility, percent asphalt content, and aggregate gradation.
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Table 4.  Before REMIX samples.

Table 5.  New asphalt samples off truck.
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Table 6.  After REMIX samples.
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Figure 10 displays the comparison of the average viscosities, figure 11 displays the com-
parison of the average penetration, figure 12 displays the comparison of the average
ductlities, and figure 13 displays the comparison of the average percent asphalt concrete.

Figure 10.  Average viscosity of samples.

Figure 11.  Average penetration of samples.
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Figure 12.  Average ductility of samples.

Figure 13.  Average percent asphalt concrete.
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Table 7 presents the differences of four properties of asphalt samples taken more than two
years apart.  Figure 14 and Table 8 present the differences in gradation of the asphalt sam-
ples.

Table 7.  Differences in properties of asphalt cement after more than 2 years.



16

Figure 14.  Sample gradations before and after recycling.

Table 8.  Differences in gradations after more than 2 years.
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Comparison of hot in-place cores with overlay cores
Core samples were taken to the testing laboratory where specific gravities were deter-
mined.  Asphalt cement was extracted from the cores to determine the asphalt cement
content and gradation testing was performed.  The asphalt cement was recovered from the
extracted cores by the Abson process and tested for viscosity, penetration, and ductility.
Cores were tested for viscosity, penetration, ductility, voids, density, specific gravity, per-
cent asphalt content, and aggregate gradation.

Core samples were taken from:

1. the hot in-place recycling project south of McComb (Table 9),

2. the hot in-place recycling projects south of Meridian on I-59 and east of Meridian on I-
20 (Table 9),

3. from an overlay project (Table 10) east and west of Forest on I-20.

Table 9.  Description of location of cores that have been hot in-place recycled.

Table 10.  Description of location of cores from overlay on I-20.
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Table 11.  Comparison of average properties of cores, data for figures 15, 16, 17, 18, 19,
20, and 21.

Figure 15.  Average viscosities of samples.
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Figure 16.  Average penetration of samples.

Figure 17.  Average ductilities of samples.
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Figure 18.  Average percent voids of samples.

Figure 19.  Average densities of samples.
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Figure 20.  Average maximum specific gravities of samples.

Figure 21.  Average percent asphalt concrete in samples.
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Figure 22.  Average gradations of core samples.
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Resilient Modulus Results

The resilient modulus values are used to evaluate the relative quality of materials and gen-
erate input for pavement evaluation and analysis.

Two cores from I 59, one core on I 20 at Forest, two cores on I 20 west of Meridian, one
core on I 55 southbound, and one core on I 55 northbound were tested at the University of
Mississippi.  Figure 23 shows that the recycled asphalt had a lower average modulus than
the control pavement.

The resilient modulus values are used to appraise the quality of materials and help in
pavement evaluation and analysis.  After the test sample is placed into the testing machine,
ten consecutive readings of load and deformation are taken.  Then the sample is rotated
90o and ten more consecutive readings of load and deformation are taken and the values
are averaged.  The entire testing procedure should be redone if the difference in average
MR values is lmore than 10%.

The Resilient modulus is computed using the following formula:

MR = (P * (µ + 0.2734))/(t * (?)) where P= load in pounds

µ = Poisson’s ratio (usually 0.35)

t = thickness of specimen in inches

? = deformation in inches

Figure 23.  Resilient modulus of samples.
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Discussion of Results

Structural
The required overlay thicknesses are provided in tables 2 and 3.  The hot in-place recycling
solved the required overlay thickness requirement calculated from the Dynaflect and FWD.

The average IRIs on the project are presented in table 4 and figure 9.  They show that the
hot in-place recycling reduced the average IRI on the project by 30.4 percent for the first
testing on 9 Jun 92.  The last testing on 6 Dec 96 was 14.5 percent less than the 20 Jun 91.

Materials and mix analysis

The penetration tests performed by the contractor on the field studies were greater or equal
to the minimum value of 50 in 13 of 143 tests.  The penetration tests performed by the Mis-
sissippi testing laboratory on the core samples were greater or equal to the minimum value
of 50 in only one of 10 penetration tests.

It was conclude in another study that: “ Limestone coarse aggregate is apparently a prime
contributor to longer pavement life as compared to chert gravel coarse aggregate,…” [5]

The I-55 test section used chert gravel coarse aggregate, while the other sections had
limestone coarse aggregate.

The asphalt cement properties were consistant with most findings; the higher viscosity cor-
responded to lower penetrations and ductilities.

The average of the viscosities of the test samples in the I-55 test section was much higher
than the other samples.

The average penetration of the test samples in the I-55 test section was between the other
samples.

The average of the ductilities of the test samples in the I-55 test section was the lowest of
all the test samples.

The average of the voids in the northbound test sample was the largest of the test samples,
while having the lowest density.

The average of the maximum specific gravities of the samples in the I-55 test section was
the lowest, while the average percent of asphalt concrete was the highest.

The average of the resilient modulus values of the samples in the I-55 test section was
lower than the other samples.  This is probably due to the different types of gravel used in
the asphalt mix.
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CHAPTER 4: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The construction of this project followed the hot in-place recycling of I-59 south of Meridian
which lasted from November 1989 to May 1990.  This project was was originally scheduled
to be a Research Division study.  Although some core data from I-59 was used from this
study, Dynaflect and SDP data would have been useful to compare with this study.

The reuse of the existing asphaltic concrete pavement can often be very desirable, because
of the decrease in new asphalt needed and as a safety factor because the finished grade is
essentially the same elevation as the existing pavement.  The hot in-place recycling project
also produced a savings over the conventional design.

There were no major differences in the hot in-place recycling projects and the overlay proj-
ect in properties, which included viscosity, penetration, ductility, percent voids, specific
gravity, aggregate gradations, and resilient modulus.

Recommendations

This study found that pavements using reclaimed asphalt concrete material in the wearing
course mixes perform as well as pavements with normal mixes.  However, the cost of each
type of pavement was found to be almost the same dollar/SY amount.



26

APPENDIX A

ASPHALT TESTS
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Table 12.  IRIs on the projects, data for figure 9.

Table 13.  Data for figures 10, 11, 12, and 13.  Average asphalt cement properties before
and after recycling.
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Table 14.  Data for figure 14.  Average gradations before and after recycling.

Table 15.  Average percentages of core gradations, data for figure 22.

Table 16.  Resilient modulus of samples, data for figure 23.
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APPENDIX B

CONSTRUCTION DATA
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Table 17.  Test strip information.
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Table 18.  Laboratory data set 1.
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Table 19.  Laboratory data set 2.
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Table 19.  Laboratory data set 2 (continued).



34

Table 20.  Laboratory data set 3.
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Table 20.  Laboratory data set 3 (continued).
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APPENDIX C

SPECIFICATIONS



37

MISSISSIPPI STATE HIGHWAY DEPARTMENT

SPECIAL PROVISION NO. 907-402-2 CODE: (SP)

DATE: 7/3/91

SUBJECT: Asphalt Pavement Surface Recycling

Section 907-402, Asphalt Pavement Recycling, is added to the 1990 Edition of the Missis-
sippi Standard Specifications for Road and Bridge Construction as follows:

SECTION 907-402 -- ASPHALT PAVEMENT RECYCLING

907-402.01--Description.  This work consists of recycling in place existing bituminous
pavement in a simultaneous multi-step process of heating, milling, remixing, reshaping and
compacting the asphalt surface and blending of the scarified material with an asphalt reju-
venating agent and/or virgin hot bituminous plant mix as specified herein.  All work shall be
in accordance with the applicable provisions of the Standard Specifications and in reason-
able close conformity with the requirements contained herein or established by the Engi-
neer.

907-402.02--Materials.  Virgin materials used in the work shall meet the applicable require-
ments of Division 700 of the Standard Specifications.

The Department’s Personnel will take and evaluate roadway samples of the existing pave-
ment.  Test results from this evaluation will be furnished to the Contractor for use in devel-
oping the job-mix formula.  The Contractor may elect to obtain additional samples from the
existing pavement to supplement his job-mix formula development process.  Regardless of
the data used, the Contractor shall be solely responsible for the accuracy of the final job-
mix formula.

The Contractor shall submit a proposed mix design to the District Testing Engineer for ap-
proval at least ten days prior to commencement of the work.  The mix design shall have a
percentage of virgin bituminous plant mix sufficient to blend with the recycled materials and
produce a bituminous plant mix meeting the total voids in compliance with 401.02.2.2 and
the gradation requirements for SC-1 surface mix in compliance with 73.11.2, Table B. Ag-
gregate for the virgin bituminous plant mix shall consist of coarse sand and/or crushed
limestone.

The mix design submittal shall include as a minimum the following information:

1. Source of each virgin component.

2. The average asphalt content and average gradation of the existing pavement.

3. The target and proposed asphalt content, total voids, gradation and range of grada-
tion of the recycled mix, percentage of anti-stripping additive, if required, and the
amount of rejuvenating agent required.

The Contractor shall determine and recommend to the Engineer for approval the amount of
rejuvenating agent necessary to return the recovered asphalt cement penetration to a
minimum of 50 at 77oF (25oC) for 100 g for 5 seconds.
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907-402.03--Construction Requirements.

907-402.03.1--Equipment.

907-402.03.1.1--Preheater.  The preheater shall be a self-propelled unit consisting of multi-
ple rows of infrared heaters, of a type specifically designed to heat the upper layer of as-
phalt pavement.  Liquid propane gas shall be used for heating fuel.  Direct or indirect open
flames shall not be allowed.

The preheater shall be capable of containing the generated heat in a manner that does not
damage trees, shrubs or other adjacent property and the traveling public.

The rows of heaters shall be spaced a maximum of 36 inches (914.4 mm) apart to effect
proper heat penetration to the desired temperature while causing no injury to the pavement
such as that occurring from overheating, coking or sooting of the asphalt binder and aggre-
gate.

The heater assembly shall be design such that it may be easily raised and lowered by a
single control.  The heater shall be adjustable in width from 10 feet to 14 feet (3.05 m to
4.27 m).

907-402.03.1.2--Milling Unit.  The milling unit shall be a rotation-milling drum and shall be
adjustable in width from 10 feet to 14 feet (3.05 m to 4.27 m).  The unit shall be capable of
uniformly loosening the asphalt pavement to the depth specified and shall be equipped with
separate automatic height adjustments in order to clear obstructions in the pavement sur-
face.  All milled material shall be augured into the center of the machine prior to entry into
the blending unit.

907-402.03.1.3--Recycling Machine.  The recycling machine shall be self-contained and
specifically designed to reprocess existing bituminous pavement in place.  The recycling
machine shall be equipped with additional heaters conforming to the requirements previ-
ously outlined for preheaters, under 907-402.03.1.1, Preheater.  The resulting heated bitu-
minous pavement shall be between 225o and 300oF (107.2o and 148.9oC) prior to reproc-
essing.

907-402.03.1.4--Rejuvenating Agent Storage Unit.  The storage unit shall be thermostati-
cally controlled to maintain the rejuvenation agent at a constant specified temperature be-
tween 100o and 325oF (37.8o and 162.8oC).

907-402.03.1.5--Spraying Unit.  The spraying unit shall be a system that will uniformly de-
liver the rejuvenation agent, when required, at the approved rate for a forward speed that in
coincidental with the total recycling process.  The spraying shall occur after the recycled
material is milled and before it enters the blending unit.

907-402.03.1.6--Blending Unit.  The blending unit shall be a twin-shafted pugmill capable of
uniformly adding virgin bituminous plant mix when required and at an approved rate.  The
unit shall be capable of thoroughly mixing the scarified material with rejuvenating agent
and/or virgin bituminous plant mix.

907-402.03.1.7--Screed and Initial Compaction Unit.  The hot recycled material shall be
uniformly distributed to the required profile and cross slope by the use of a heated oscillat-
ing screed which must be an integral attached part of the recycling machine.  The screed
shall be equipped with an adjustable crown control and each end of the screed shall have
hand-wheel adjusting screws and an approved automatic control device for laying the mix-
ture to the specified slope and grade.
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907-402.03.1.8--Rollers.  Rollers shall meet the requirements of 401.03.5.

907-402.03.2--Construction Details.  The Contractor shall provide a laboratory for daily
testing of the recycled materials.  Test shall include asphalt content, maximum specific
gravity, percent density of the cores and penetration of recovered asphalt cement.  Test
results shall be utilized in making adjustments to the application rates of the rejuvenating
agent and plant mix material.  Adjustments will be subject to the approval of the Engineer.

Approval of the Engineer shall be obtained prior to the recycling of any material.

The pavement surface to be rehabilitated shall be cleaned of all dirt and other objectionable
material by blading, brooming, or other methods approved by the Engineer prior to begin-
ning the pavement recycling operations.

Temperature and weather conditions shall conform to the requirements of 401.03.1.1.

Compaction of the recycled mix shall be in accordance with 401.03.1.4.

907-402.04--Method of Measurement.  Heating, milling and mixing of the existing pavement
will be measured by the square yard.  Rejuvenating agents will be measured by the gallon.
Virgin bituminous plant mix will be measured by the ton.  An anti-stripping agent, if required,
shall be an absorbed item and will not be measured for separate payment.

907-402.05--Basis of Payment.  Heating, milling and mixing of the existing pavement will be
paid for at the contract unit price per square yard of the measured in-place recycled surface
area.  This price shall include all materials (including anti-stripping agent if required),
equipment, and labor incidental with processing, placing and compacting the material.

Rejuvenating agent will be paid for at the contract unit price per gallon and shall include all
cost involved in use of the agent including handling, storage, temperature maintenance,
and spraying into the mix.

Virgin plant mix will be paid for at the contract unit price per ton and shall include all materi-
als, equipment and labor incidental with producing, blending, and placing the mix.

Payment will be made under:

907-402-A: Surface Recycling of Existing
Bituminous Pavement (1½ in. (38.1 mm) Thick) - per square yard

907-402-B: Rejuvenating Agent - per gallon

907-402-C: Virgin Hot Bituminous Mix - per ton
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